Abstract -A general class of training-based space-time codes is considered for the noncoherent block correlated Rayleigh fading channel. Such codes can be efficiently decoded by first forming the MMSE estimate of the channel and then decoding the underlying coherent space-time code using the channel estimate as if it were perfect. The diversity order of this (in general, sub-optimal) estimator-decoder is obtained, and it is shown that under certain conditions on the channel correlation matrix, training codes inherit the diversity order of the underlying coherent code.
I. INTRODUCTION
Training based schemes for the MIMO Rayleigh fading channel were recently studied in [1] , [2] , [3] . In [1] , a lower bound on the capacity for training based schemes is derived. This bound is maximized by suitable choices of training matrix, training power, and training period. In [2] and [3] , the authors analyze and optimize, via the pair-wise error probability (PEP), general finite-length training codes that leverage coherent space-time codes, under the assumptions of block fading and i.i.d. path gains. In this paper, we introduce training codes for the more general correlated Rayleigh fading channel, the capacity considerations for which are addressed in [4] . We propose an estimator-decoder receiver structure that first forms an MMSE estimate of the fading coefficients from ÝÌ, and then uses the estimate as if it were correct to decode . The decoder is thus
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Hence, if there is an efficient decoder for the underlying coherent code, then the corresponding training code also has an efficient decoder, namely, the¨ decoder. For example, one can exploit the efficient sphere-decoding algorithm when the underlying coherent code of the training code is chosen to be a linear space-time code. Note that the¨ decoder does not, in general, coincide with the optimum noncoherent decoder [2] . Its diversity order under i.i.d. fading is summarized in the following proposition.
Proposition 1: For i.i.d. fading´¦
Áµ AE ÌÌ Ý Ì Á and ¼ ½, the diversity order of the multiple block training code with thë receiver is given by
The design criterion implied by Proposition 1 for the signals Ã ½ in the training code is the same as the sum of ranks criterion [5] known for the design of coherent space-time codes for the multiple block i.i.d. fading channel. Hence, the existing efficiently decodable coherent codes that achieve full space and time/frequency diversity can be incorporated into the training codes structure to guarantee full spatial and temporal diversity with low complexity decoding in the noncoherent setting. The proof of Proposition 1 and a discussion on the choice of for i.i.d. fading is provided in [2] .
In a general correlated fading scenario, however, the diversity order of the training code with the¨ receiver need not match the diversity order of the underlying coherent code. Let 
The exact diversity order results for the correlated case are given in the following proposition.
Proposition 2:
When Ì is of full rank and ¼ ½, the diversity order of a training code with the¨ receiver is given by
while that of the coherent code (with perfect channel knowledge) is
Proposition 2 and equation (4) imply that if ¦ has full rank, then ¦ also has full rank and the diversity order of the training scheme is equal to that of the underlying coherent code. However, this need not be true if ¦ is rank deficient.
